The number of cancer patients has increased due to longer life spans and treatment has become a universal problem. Since molecular-targeted therapies were introduced as a new developmental strategy, certain targets have been examined hundreds of times, with developers overlapping their research efforts. We need to focus our energy and resources on novel drug candidate identification and optimization, in order to enhance the entry of early-stage drug candidates into the therapeutics pipeline. This presents a major opportunity for Korea to jump the decades-old development gap between our programs and those that are more advanced in other countries. Although this country does not have a specific center for validation and development of cancer therapeutics, we do have cutting-edge scientists performing research in many institutions. In this paper, I will review cancer drug development in Korea and suggest future directions, while urging colleagues to utilize their networking expertise so we can move toward a new paradigm of novel therapeutics development. An example of such efforts has begun with the Drug Development Consortium, which was described in the KSBMB chapter. This consortium was launched in 2010 by biochemists, chemists, cell and molecular biologists and pharmacologists. It is clear that effective cancer therapeutics will be developed more efficiently when we all strive for the same goal. [BMB reports 2010; 43(6): 383-388]
Early drug discovery
Every day we are presented with information about cancer and the threat it poses to our individual survival. Although anti-cancer therapies have improved patient survival, drug cytotoxicity has left painful memories of high failure rates and severe side effects along the route of drug development. In recent decades, targeted therapy has been widely accepted as the best approach to drug development, and candidates such as Herceptin (Her2 target, FDA approved in 1998) have achieved a global market with high clinical success rates and reduced side effects (1, 2) ( Table 1) .
Can you develop therapeutic drugs from the initial discovery of a novel molecule all the way through the pipeline to its eventual use in patients? If you have a large enough budget to drive your own idea from discovery to clinical trial, what kind of output can you expect? Haven't we all wondered why it has taken 40 years to develop Taxol (3) and 20 years for geldanamycin (4) Can we produce new cancer therapeutics in 5 years without knowing why global leaders require such a long drug development time? Novel targets require time for validation prior to clinical trials, which always end in a 'Yes' or 'No', without revision of the process during the trial. Thus, it is financially prudent to obtain as much in vitro data as possible for an efficient decision-making process.
When introducing a process for driving a drug candidate down the development pipeline, I would recommend that investigators start with novel targets. It is best to examine the value of a target via inhibition, using gene knockdown, knockout mice or siRNA treatments, prior to for screening target-specific inhibitors. Once screening has identified lead compounds, acute toxicity must be performed to determine the appropriate dosages to be examined. Next, candidate efficacy should be tested in different cell lines and animal models, including the hollow fiber assay and xenograft models. These examinations will determine where the greatest therapeutic benefits can be achieved with respect to type of cancer being treated and population of patients selected for study. In vitro validation platforms were introduced approximately two decades ago and are used commonly in the targeted-therapy process.
In the United States, the National Cancer Institute (NCI) uses a systemized development process for therapeutics. In April 1990, in vitro cell line screening was implemented in a fully operational form and it was followed by the in vitro cell line screening project (5) (6) (7) . This project was designed to screen the potential anti-cancer activity of up to 3,000 compounds per year. The screen utilizes 60 different human tumor cell lines (NCI-60) representing leukemia, melanoma and cancers of the lung, colon, brain, ovary, breast, prostate and kidney. The purpose is to identify synthetic compounds or natural products that show selective growth inhibition or cell killing activity, in particular tumor cell lines, and then to perform further evaluations of these compounds. Among the 60 cell lines in the screen, 12 were selected for the Hollow Fiber assay (8) eter) polyvinylidene fluoride hollow fibers with a molecular weight exclusion of 500 kDa. Three different tumor lines are prepared for each experiment and each mouse receives 3 intra-peritoneal implants (1 from each tumor line). Following fiber implantation, mice are treated daily with experimental agents and, on the day following the fourth treatment, fibers are collected and subjected to the stable endpoint MTT assay (Fig. 1) . For potentially cytotoxic anti-cancer agents to advance from the identification stage, through in vitro screens and into clinical development, efficacy must be demonstrated in vivo in one or more animal models of neoplastic disease. Following demonstration of activity in the NCI-60 cell line screen and the hollow fiber assay, compounds are examined for distal site anti-tumor activity in appropriate human tumor xenograft models in nude mice or, where relevant, in rodent tumor models. The specific tumor model employed depends on a number of factors including the sensitivity of individual tumor cell lines to the agent. Our group adopted a screening panel that includes 12 cell lines from the stomach and liver, as well as the NCI-60, and this new cell line panel was named NCC72, i.e., National Cancer Center 72. The Hollow fiber assay was established using 18 NCC cell lines and we have tested many xenograft models with drug candidates. For Korea, NCC represents the most efficient drug evaluation platform for cytotoxic and targeted therapies (Fig. 2) .
A new development process paradigm in the USA
The US Government drives the Developmental Therapeutics Program (DTP), which has played an important role in the discovery or development of 40 U.S.-licensed chemotherapeutic agents. On that list, paclitaxel is one of the most widely prescribed anti-cancer drugs on the market (9). Paclitaxel was first harvested by researchers with a National Cancer Institute (NCI) grant. A DTP contractor also formulated the drug for use in clinical trials. The DTP has been involved in the discovery or development of more than 70 percent of anti-cancer therapeutics on the market today. Although many academic and private-industry laboratories also are focused on drug discovery, financial and technical burdens, as well as lack of funding and infrastructure, present barriers that may keep promising therapeutic agents from reaching patients. The DTP successfully overcame therapeutic development barriers by supporting "high-risk" projects. The NCI's DTP is renowned for its success in taking late-stage preclinical drug candidates through the final steps of pre-clinical development and into initial clinical studies. To advance the NCI's mission of bringing novel therapies to patients, and to fully exploit NCI's expertise in the later stage of preclinical development, the Institute is now focusing efforts and resources on drug candidate identification and optimization to enhance the entry of early-stage drug candidates into the NCI therapeutics pipeline.
According to the NCI, "there is an undisputed need for shorter drug development timelines, enhanced molecular targeted drug discovery, and more streamlined processes to assess anti-cancer drug action. Determination of safety, efficacy, and mechanism of action in vivo, should occur early in the drug development cycle and a process should be established to provide a rigorous, more effective, scientific basis for selecting potential clinical indications for new oncologic drugs. Recognizing these needs, the NCI is adopting a new strategic approach that focuses on identifying novel molecular targets and new molecules that exploit those targets to support the construction of an enhanced and robust drug discovery and development pipeline. This initiative is the new NCI-supported Chemical Biology Consortium; its goals are to "accelerate the http://bmbreports.org Discovery and Development of effective first-in-class targeted therapies by providing the proper environment to incubate new discoveries and facilitate their growth into full-scale oncologic drug development projects" (Fig. 3 ; http://dctd.cancer. gov/CurrentResearch/ChemicalBioConsortium.htm).
Drug development in Korea
Korean drug companies have developed two commercially-available anti-cancer drugs. Belotecan is made by CKD and mimics camtothecin-presenting topoisomerase I inhibitor activity (10) . In 2003, belotecan was approved by the KFDA for ovarian cancer and NSCLC, and it was licensed to Johnson & Johnson. In 2007, Korea had approximately 10 candidates in clinical phases I & II, 15 candidates in the pre-clinical phase, and 20 candidates in screening. Although most of these candidates are small molecules, there has been an increasing interest in targeted antibodies, to match an expected increase in demand for these types of therapies (Table 1) .
Anti-cancer therapies are grouped by treatment method, i.e., chemotherapy, hormonal therapy, immunotherapy and targeted therapy, which includes small molecule and antibody treatments. Targets are grouped by mechanism such as angiogenesis, single-target signal transduction, multi-target signal transduction, cell cycle and apoptosis, immunomodulation, and epigenetic modulators. The most popular targets in drug development number less than 100 and include protein kinases (serine/threonine kinases, receptor tyrosine kinases, non-receptor tyrosine kinases), histone deacetylases (HDAC), protein phosphatases, farnesyl transferase, DNA-methyl transferases, telomerase, matrix metalloproteases, proteasomes, heat shock protein 90, mTOR, integrins, NF-kappaB, bcl-2, PARP, kinesin-like spindle protein, Wnt/beta-catenin, Hedgehog, STAT, toll-like receptors, endothelin receptor, Notch and CXCR4. The targets for antibody therapy are epithelial cell adhesion molecule, MUC-1, EGFR, CD20, carcino-embryonic antigen (CEA), HER2, CD22, CD33, Lewis Y, prostate-specific membrane antigen (PSMA), IGF1R, VEGF, VEGFR2, c-Met, integrin and CTLA-4 (11) .
Although targeted therapy increases the risks associated with drug development, it offers a greater success rate than cytotoxic drug development. However, we can expect such development to generate a multitude of therapeutics targeting the same mechanisms, eventually resulting in a poor return on investment. Research into HDAC (histone deacetylase) is a prime example of this redundancy phenomenon. Cancer cells may contain high levels of HDAC to prevent apoptosis and, thus, HDAC inhibitors (HDI) can potentially stop cancer proliferation. HDIs have been shown to alter the activity of many transcription factors, including ACTR, cMyb, E2F1, EKLF, FEN 1, GATA, HNF-4, HSP90, Ku70, NFκB, PCNA, p53, RB, Runx, SF1 Sp3, STAT, TFIIE, TCF and YY1 (12) . Interestingly, a patent search identified 354 registrations of HDIs since US FDA approval of Vorinostat (SAHA) for treatment of cutaneous T-cell lymphoma (CTCL; (13) . Among these HDI 354 patents, 136 belonged to 10 pharmaceutical companies, including Merck and Novartis (Table 2) . Thus, investing in novel drug discovery reduces the risk of developmental redundancy.
Suggestions for future drug development
We need networking among those with the greatest expertise, not more infrastructure, to organize a new drug development system. An integrated network of chemical biologists, molecular oncologists and compound-screening centers from government, academia and eventually from industry, must be established. I would like to call this the Drug Development Consortium (DDC) in Korea. We need to start this type of program immediately and without hesitation. The DDC must be centrally managed by volunteers with experience in developing research groups, to coordinate the selection of targets and screening of agents that interact with those targets. The DDC must use an iterative development process to design and optimize drug hits into lead compounds, explain failed clinical trial results and characterize mechanisms of action. No matter what happens to compounds in the development process, participation in the DDC program would bring the benefits of access to late-stage drug development resources and expertise (Fig. 4) . According to NCI, "CBC program participants will have an unparalleled opportunity to participate in a highly collaborative drug discovery partnership with the drug development group . Using state-of-the-art communication, data-sharing and project management tools, the CBC will effect a paradigm shift in the use of public-private partnerships to translate knowledge from leading academic institutions into ground-breaking new drug candidates for patients with cancer". An example of this type of program was launched in the U.S.A. in August 2009, and billions of dollars have been invested in the CBC initiative (CBC, Fig. 3 ).
